
\

CIRCULATION COPY
SUBJECT TO RECALL

IN TWO WEEKS PREPRINT

[

UCRL. 83334

I

~wrence Livennty’e ~@IQra~ory: - ~....- -.-. .-. ..
--l

.._,,
:-1~:-~ THE LN4RENCE.LIVERM2RELABORA!IW?Y ; .,. ...,

Tf’’wsmq,’LIGHT-GASGUN . ; . .. .. ..

. :------ ..,. ~-:f-.n.,.,,,., :,. ->.,. .,! A. C. Mitchell and W. J. Nellis .‘ . ..

.
-. --,, ,-: c

Seplx2nkxz 1979., .

. .

-......?. .,.......
tt’h.is-- was prepariiifor’sukission b the 30th Aexoballistic Range Assodatim
~;- ~Sn, v~nti Sept. 19-20, 1979

. . .. ..

I 11 I

This is a preprintof a paperintendedfor publicationin a journalor proceedings.Sincechangesmaybe made
beforepublication,thispreprintis madeavailablewiththeunderstandingthatitwillnot be citedor reproduced
withoutthepermissionof theauthor.

Illm
w

\
IiIi?
1..’

++=k4+i+%++ ,Drmrr2J

I I

.-- .. ?.. -



DISCLAIMER

This document was prepared as an account of work sponsored by an agency of
the United States Government.  Neither the United States Government nor the
University of California nor any of their employees, makes any warranty, express
or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise, does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United States
Government or the University of California.  The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United States
Government or the University of California, and shall not be used for advertising
or product endorsement purposes.
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THE LWRENCE LIVERM)RELABORATORY

‘IWO-STAGE,LIGHT-GASGUN*

A. C. Mitchell and W. J. Nellis
Lmrence Livermre Laboratory
Livermore,California94550

I. INTRXKXION .,

The LawrenceLivemme Laboratorytwo-stagegun was obtainedfrcnn

GeneralI$3torsCorporationin the early 1970’s. The *sions and opera-

tion have been described.1 The facilityis used primarilyfor high pressure

and high temperaturematerialpropertystudiesand can achievepressures

about twicewhat can be realizedwith

II. GUN FIRINGPANMHERS

high-explosive planewavesystems.

Mst shotsuse a 29 m innex diamter’ laur@

Firingstypicallyuse 30 roles or 0.85 MPa of X2

tube ail 12-25g projectiles.

in the pump tube. The

pistonweighs 6.8 kg and the rupturevalvesburst at about 140MPa.

Projectile velocity is achievedby varyingthe pmder loadwhich ranges

up to 1.35kg. The pressurepulse is similarto that for a largerlmo-

stagegun.
2
The launchtube and targetchanterare evacuatedto a few

micrometersof Hg pressureprior to each firing. Under theseconditions

maximumvelocities for 15 and 24 g projectilesare 7.3 and 6.8 km~s,

respectively.Velocitiesas lW as 1.5 laq7shave been achieved.

Work performedunderthe auspicesof the U.S. Departmentof Energyby the
LawrenceLivermre LaboratoryundexcontractNo. W-7405-EN&48.
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111. PRMXTILE

●

‘I’hestandardprojectile is illustratedin Fig. 1 and consistsof a

metal plate 1-3 m thickand 25 m in diameter hot-pressedinto a poly-

‘carbonatecylinder. This CcqOsite is then ins~cted underultraviolet

light to insure that it is stress-free.A cap of polyethyleneis pressed

over the end of the polycarbonateoppsite the mtal to act as a gas seal.

- This design requiresa minimumof mchining and the polycarbonatedoes not>.

interferewith the experhmt. As indicatedin Fig 1, the kmgth to

diameter (L/b)ratiois less than 1. However,very little ttiling occurs

in the 30-40 cm freef light distance between the muzzle and the target.

Specifically,the angleof tiltbetweenthe impactorand the taigetis ~3°

or less. The degreeof tilt is largerfor the heavierprojectilesand not

very sensitiveto the L/b ratio.

Iv. PRmm!XIE VELOCITYMEASUREMENT

Projectilevelocityis obtainedby neasuringthe distancetravelledin

a masured time interval. TWO positionsare masured by two separate

radiographicimges, recordedon fast-developingfilm. The * interval

is obtainedby measuringthe intervalbetweenpulsesfrcm two x ray

detectorslocatedcloseto the two pulsedx ray sources. Kl%esesources

are well collimated and about 2 m frm the flightpath to minimizeparallax.

For this systemto & successful,both x ray sourcesmst flashwhen the

projectileis n=

triggersystemwas

the centerof the fieldof radiation.l?hus,a reliable

designedconsistingof a dc x ray sourcedirectedacross
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the flightpath.4 TMwn the projectilecrossesthisbeam an interupt

signalis generated,both x ray sources-are th& ~flashedat ‘

presel~ti tti delays.determinedby the expectedprojectile ~:‘.’

velocity. The firstflashradiographicsourceis so close (about8 m)

to the triggersourcethat it is virtuallyimpossiblefor the projectile

not to be observed.

The dc x ray triggersourceis an x ray generatorused for conventional

x ray diffractionstudies. The power s@ply can operateto 50 kV dc and

I

40 mA. A filtercircuitwas addedto smooththe ripplein the full-wave

rectifiedvoltage. A mlybdenum tube is usedwith Ka radiationat 17.5 keV.

High accuracy in the positionmeasurementsis obtainedby a preshot

lengthcalibrationin which radiographicfilm images

insertedin the flightpath. The centersof the two
1

aretalmnofa ruler

radiographsare 298 m

apart. TIE ruler was fabricatedby machininggroovesin a piece of plastic

and fillingthemwith lead. Nunberswere placedon the rulerevery 10 m

in the same fashion. The rulerhas one divisionevery 2 nun and the

interdivision distancehas been determinedwith an opticalcomparator

havingmicmmter resolution. The differencesin the readingsmde by the

two authorsof the spatialdistancetravelledby the projectileson 30

slmtshave an average of 0.05MCIand a standarddeviationof 0.2 nm. The

flashx ray pulsesare~about 30 ns long (FWHM). Hmever, sinceboth @ses

have a mmmn

set in such a

about 10 ns.

shape,discriminatorlevelson a time intervalmeter can be

way that the 40 w or mre t- intervalcan be measuredto

Thus, the error in the distancemasuremnt dominatesand

the fractionalerror in the projectilevelocityat the two standarddeviation

levelis O.4/300= 0.0013,or about 0.1%. A pair of radiographsshowingthe .

preshotcalibrationand in-flightprojectileis shmn in Fig. 2.
L
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v. GmMEIRY Ql?THEIMPAC!TORSURFACE

.

.

We have recentlydevelopeda fast shockwavedetectionsystemhavinga

tim resolutionof 0.3 ns.
5 This resolutionhas enabledus to measure

‘Me distortionfromplanarityof the”frontsurfaceof the impactor. We

have foundthat Ta inpactorshave & axiallysymnetricdistortionin

which the portionof the frontsurface9 m from the centeraxis leads

the centerby up to 10 ns at a projecti: velocityof 7 lmI/s.6 !l%is

mxim.m tim intervalcorrespondsto a spatialdepthof 70 micrometersout

of a totalplate

30 micrometers.

be correctedfor

thickness of 1.5m. Typicalexperimentsinvolveabout

Sincetypicalshocktransittiresare 200 ns, the data mst

the shapeof the resultingshockfrent in order to obtain

shockvelocitydata accurateto 1% or better.

xmts were perfo~ with targetson which 13 detectorswere

arrangedon two mutuallyperpendicularcoplanarrows each of whichwere

18 m in length. The detectorswere separatedby 3 m with sevendetectors

on each axisnmnted againsta Ta plate.1 m thick. Wactors of varying

thicknesses,velocities,andmterials were then characterized. Typical

resultsfromone of theseshotsare sham in Fig. 3. The starting-,

t = O, is the kim the shock arrivedat the firstdetectorin the m.

The observedtim sequenceis indicatim of a frontsurfacegeometery

ccmposed of tilt of the @actor

an axial distortion in which the

The solid lines through the data

geOrEtry.

relativeto the targetsuperimposedupon

centerof the impactorlags the edges.

of Fig. 3 are least-squaresfits to such

-4-
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In Fig. 4

t =

the equationto whid the data

()

tale

()
(Rm-R)+ # (R: -

‘I I

.

+ .“

was fittedis derived:

R*), (1)

where t is the shockarrivaltime at the detectorat R, 0 is the angleof

tilt of the impactorwith respectto the

on whi~ a detectoris positioned,U1 is

anplitudeof the paraboladescribingthe

Ixqet, Rm is the maximum radius

the inpactorvelocity,and a is the

shockcurvature. Sincethe tilt is
,,’

w1* and the depthof the distortionis ‘LI%of the plate thickness,these

geomst.ricaleffectsare smll and shouldsirplyadd. The anplit~es

of the tm fits in Fig. 3 are 3.4 x 10‘4 and 3.1 x lo-4)m. The standard

deviationper detectirin thesefits is 0.8 ns, which is comparableb“ the

scatter on our Hugoniot

Thus, the assmption of

of our

In

by the

launch

data.

qriments describedelsewherein

parabolicdistortionis consistent

these proceedings.

with the precision

generalwe have found that projectiletilt is determinedprimarily

launch trbe. For a givenprojectilemass andvelocityand a given

tube the tilt is reproducibleto a considerabledegreeboth in terms

of orientation

c~te for

arrivalttis.

and magnitude.

expectedtilt,

The parabolic

In fact,we oftenorientatethe targetto

in onkr to reducethe Spred of detector

distortionis detemined primarilyby the

mass and the uniformityof ar~l mass densityof the projectile. For

-b the surfaces of AJ-actors are generallyplanarto 1 ns, whereas

Ta impactsurfacescan have distortionsas long as 10 ns.

.

“
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FIG. 1. %bot witi mtal inpactplate.
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FIG. 2. Radiographsfor measuringprojectile
velocity. (a)Projectiletraveling
6.8 kM/S. (b)l?ulerinsertedin the
flightpath beforethe shot for
lengthcalibration.
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Sequenceof sho&karrivaltirres
at detectorsarray~ on two
mutuallyperpendicularcoplanar

.,

ruws. Detectornunbersare shcwn
next to data points.
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